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Design goals:

® Must be cheap

Want E ~ 0 - 1000 keV, AE < 1 keV
| : ~1 mA for E < 200 keV

av

| ~0.2 mA for E > 200 keV
® Beam quality should be “reasonable”

® Must run for extended periods with
minimal effort
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Beam Optics
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ECR source v2.0

permanent magnet
(axial field)
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boron-nitride
lined plasma
chamber

accel lens

field clamp

steel shaping block
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Magnet Design
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control via LabView with FieldPoint




plastic |
scintillator Pb shield

Nal annulus

HPGe detector




HPGe detector+ lead shield
17 hours

Counts

10000

1000

100

lll

I

T

511 keV
]

40

T

<

1 1 lllllll

1 1 illllll

gl raal

50

40

30

20

10

0
3000

T T T l T T T

T T T I T T T l T T T

backgrounds from room and
apparatus: “°K, 2%T|, Rn gas, U

backgrounds from beam transport
or target impurities (not shown here)

cosmic rays: secondary neutrons;
muon-induced ionization, pair-
production, bremsstrahlung,
nuclear interactions, etc.
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The singles background rate in the HPGe detector for a range of shielding
techniques

Singles (keV)

NEEG (cpm)

No shield Passive shield Passive and
active shield
600-3000 7620 770 742
3000-9000 20 13 3.1

R. Longland et al. | Nuclear Instruments and Methods in Physics Research A 566 (2006) 452464



Nal Energy (MeV)

10

| background

4 6
Ge Energy (MeV)

10 NSEG (cpm)

Singles (keV)

No shield Passive shield Passive and

active shield

600-3000 7620 770 742
3000-9000 20 13 3.1
Coincidence
(keV) Passive shield Passive and active shield
600-3000 3.0 2.1
3000-9000 1.3 0.95
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pair spectrometer

HPGe detector

outer veto

outer annulus
inner annulus (APEX trigger detector)



B Event trigger:

1. Ge-veto anticoincidence
2. beam pulse (under development)

Cuts:

1. time

2. E(Ge) vs. E(Nal)

3. multiplicity

4. inner Nal vs. outer Nal
(under development)

5. Ge pulse shape
(under development)




Research at LENA
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R.C. Runkle et al. Phys. Rev. Lett 94, 082503 (2005)



Relative y-ray yield

Ep(lab)=200 keV

/;z R- 1081 keV | oy=1.2(2) ueV
s0 b l 1 C. Fox et al., Phys. Rev. Lett. 93 081102 92004);

R-»gsr keV | Phys. Rev. C. 71 055801 (2005)
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see also A. Chafa et al.,, PRL 95 031101 (2005); PRL 96 019902
(2006) (erratum): wy = 1.6(2) meV
B.H. Moazen at al. PRC 75 065801 (2007)



Temperature (GK)

Temperature (GK)
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y-ray intensity per channel

Relative y-ray yield
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Oxide grains from novae?
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Possible upgrades

higher current
low duty-cycle pulsing
acceleration Steerer bending
tube magnet
quadrupole

image slits

quadrupole

cold trap

200-kV table . . cryo o
object slits 1 mp ".

steerer

quadrupole

steerer pump aperture
wheel

pulse-shape

1m . o : ik ;
discrimination,

tracking?

1-MV van de Gra®

higher current,
fast pulsing



The role of a g[ound-/e:vel Iaborétory:

P .Z .

o] 2
V , -; g ‘ .
1. development of target/detectlon schemes for future
underground measurements . '

2. measurements at-higher energles
3. measurements where cosmic rays are not a limiting factor
4. measurements where the reaction signature is

sufficiently unique




